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ACKNO’~~;TS AN?) A JtZVl!U OFTIZ 
YORK OF UTm AGRICIES IN THIS FIZID 

&St of the infamation concerning the radioactive caat-*mcrution 
levelsduring CASTIgtest -ration uers first obtained frar 
Dr.Dunning of the Divii 8 m ofBiologyand Medici.T.l!eoftheAE. 
Be~tranamittsdto~tbe~~rirplanereadfngsofthecoa- 
t~teaisZaPdi3 t8.kenby MEnill Elsenbud'sanit. Ikrhmnlng 
also transmitted to us the JTF-7 r8diological survey data and the 
ganmsrayrcadings of Rongelap, Rongerikand Alinginaeuhlchuere 
made @ Dr. ScovUle of AFSUP and which helped considerably in the 
final analysis of CASTU BRAVO shot. The above information was 
wed 
most 

Lez 
have 
tive 
UKD 
that 

to prepare s preliminary report (See Reference 6). Subsequently 
of the same data became available in the Project 2.5a report 
Reference 12). &her personnel who kindly furnished us basic 
y8re Lt Co1 Bonnott of JTF-7 and Co1 Houghton of AFSK. Us 
worked closely in the past with RAND in the problem of radloac- 
fallout up to but not including CASTLB data. At this point the 
and ARW snalyses vary considerably. Primarily F!MD believes 
90% of the activity in the cloud is in the mushroom and only 

10% in the stem. ARLX snalysis shows 80% activity in the stem ad 
only 20% in the mushroom most of which is non-scavengable or falls 
out at much 11 ter times. RBND assumes fallout originates from 
100,m ft. msl for CASTLE PRAVO, A.!! assumes that the fallout 
in the first 15 to 30 hours does not come from above 60,000 ft. 
The BSNRDL scaling of Jangle-Surface shot did not consider any 
fallout beyond 3 to 5 miles dowwind of ground zero. &thin this 
area only 10 to 15% of the total residual activity was deposited. 
The ARX Analysis (See &%ference 1) showed that the immediate 
downwind fallout reached as far as 90 miles dovnvind and this 
fallout area accounted for approximately 858 of the total activity. 
It is presumed that the BRDL scaling model will bs altered to account 
for this discrepancy. t It appears to w that the AFSWT Rsport 507 
adopted the BRDL scaling model for CASTLEi BRAVO shot. Undoubtedly 
AFSWP and NBDL have in more recent vork changed their scaling model, 
but such changes are not yet made known to w. The U. S. b&t&or 
Bureau and the Air Yeather Service have studied the fallout problem 
primarily from ths point of view of minimizing contamination during 
atomic test operations. The Army Chemical Corps and the Signal Corps 
have also studied the fallout problem. It is clearly shown above 
that at the present time, the effort in this field of endeavor through- 
out the Defense Department, AEZ and the Weather Bureau is quite 
extensive. It is hoped that at some future date a coordinat& 
picture will be obta- 
fallout. i$&!YXvX@A%ti mp?p of *e 
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ABSTRACT 

1. The first stzot of COLE Test Operation is analyzed In 
detail, an3 this, together with Jangle-Surface shot, is used for 
scaling of fallout inteosities eD3 areas for yield6 of 1 ID to 
225m. A method is also given to predict the fallout for any 
rcaled height. Table I (see follouing page) gives the 48 hour 
iotegreted dose in roentgens vithin dovnvlmd cootmninated area8 
in 8quare ties for different field bombs exploded on the surface. 
The values given In Table I are geaemlly much higher than the pre- 
dictions mx?e by other agencies in this field. It is possible to 
dctermiae the extent of dowmind CoDtaminetion for any field bomb 
detonated at any acal6d height bg the use of Table II (see follov- 
iDg page). 

2. The offensive and defensive tiplicetion of rruch highly 
contaminated areas are discussed. Celculatioas are made on the 
dosage rece$ved by aircrew accidentally penetrating young 
atomic clouds fmm multi-megaton boxkbs. Esttiates are given 
on the ccntact beta hazard to the hands of mail.tenance personnel 
fkom contaminated engine parts. 

3. The fallout picture is given for all of the United States 
when ill bombs of 15 megaton yield are surface detonated over 
106 cities v5ose population is loO,or)r3 or more and OD five other 
selected airbases. This is illustrated graphically iD Figum 
U. An inspec;ion of this Figme shows that there is*ao place 
to hide”la this country tinder above listed circmstances. 

946 DOE ARCHIVES 

C&23676/1 
1 

. 



, . 

. TABLE I 

.%hour i Areaa in Square Miles for the Following Yield (KT) Surisce Burst Bomba * I 

mf 1,000 1 5,000 115,000 1 45,OOOI 60,000 [lOO,OOO (225,000 

25 
560 ii 

288 1,O'JO 3,620 5,030 8,900 22,603 
2:: 3,060 670 10,000 2,160 33,000 7,820 11,000 43,600 76,000 19,200 183,Om 48,800 

430 900 4,750 15,000 47,200 62,200 106,000 246,0X) 
750 1,560 8,100 25,000 76,'ioo lOO,cm, 173,000 GQc,mO 

I I I I I 
. . _c I. _.c.-1 . 

b BEST AVAILABLE COPY 
TABIJZ II 

3 Percentage ’ Burst Height Above Terrain 
Fallout for 15 MT Bomb 

- 

E5 3% 
5,003 feet 
2,000 foot 

0.2 50% 1,003 feet 
0.0 80% 

- 0.1 95% - 4500 feet (undergmund) " 

where 

h = height nbove terrain in 

w = bomb yield In kilotann 

1 I I 1 
* For a justification of Table II, mm the Appendix a rlefemaceo 1 
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IV. Dosage to AIrcrews Ptaetmtinn Y~IM Atcmic Clouds 

a. During UPSROT-QJCR'FK)It Atcmic Tort Opsmtion, a project var 
established to measure the dosage vlthln the young attic cloud by 
mans of oanniste~ aud dmned aImraft (2). The results shoved that 
dosage acoamPlatecl uaa 1088 than 50 mentgens for the flight of an 
iircrattt~afarrrirra~oldolaPd~a~bof26~vhen 
the rpeed of the aiwmf’t va8 400 botr. I&me rates vithia the cloud 
lwq@ frca 38,cm r/km to 7300 r/k vhen time0 of eatry ruled km 
2.7 to 5.2 minutea. The average do8e rrb in a aloud va8 reqxwanted 

W 

321 this equation time, t, I8 given In m.i.mtee after bomb detonation, 
and average dosage, 0, In meatgene per hour. Beference 2 indicates 
that thi8 Equation applJe8 for the time period of 2.5 to 25 mimtes 
after hb detonation. To prepare thi6 aqtmtion, Referen 2 wed 
not only the UPSACT-KNCTHOIE, but alro the GREEXIOUSE data available 
at the time. Recently, plonk and Stretle (3) h.ave 8hovn that for 
CASTLE data, the follovlng mlation l ppli88: 

Equation 2 Is 8aid to be valid for time8 fran tvo hour8 to rix hours 
after bcmb detonation. u8iDg &_UatiOD 2, &3-D StOdO Of SE ha6 
8houn that in order to get 170 roentgen8 acctnuulated dosage, the 
cloud rhould not be penetrated 8arlier than thirty minutes after bomb 
burst, if the cloud diameter or the rtem diameter la ten ml100 In 
length. Sfmilmly, the timer l m 35 and 45 lPimte8 for fifteen and 
fifty mile cloud dtieter8. fa thir analyris it va8 a88umed that the 
nctivity vithib th8 cloud -8 ttnifom thmU&mt. ft tin be 8hown in 
8Ub8eqUBnt 8eCtiOD8 that iOr I 8UX'fWO bunt BegatOn 7i8ld W88pOll, 
the rtem may hav8 10 to 20 t-8 th8 motivity per unit volume when 
Compared to the rpeaiffo rotivity of the mu8hroomr 

b. It $8 our opinion that th8n ir a good phyrical explmatfon 
vhy there ir a break In th8 owve of do8age rate with tim8 vithin the 
aloud, a8 8hoM in Cquationr 1 md 2 above, Tb8 l xpl8n8tion of thir 
ph8amena is to be found in th8 fact that for rurfac8 or tovbr 8hOt8 
oonsiderab?o mcmnt of rand and roil d8brir ir rucked Up into the 
aloud and it 18 eventually OoSted with fission product8 which later 
fall out due to their own patity. Colonel Plnron (2); durin&e 
Operation UPSHOT-KNOTHO& mearured the doee rate vithin the cloud 
which vas burst high enough to be oonsidered a pure air burst. Under 
these circmbtance8, there vere DO l CtiV0 roil particle8 to be found 
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Plight 
Altitude 
AbOV6 
III61 
ThOU66Dd6 
of Feet 

h 

TABfE III 

Dosage Acmumht6d in Passing through a 15MT Cloud at Dlffereaf Altitudor for 
Different Times of Cloud Penetration by an Aircraft whose True Air Speed lr 
400 I(nOt6, 

m 

Time of 
Cloud 
Peaetratloa 
iu ?4iDUt66 
after Bomb 
Detonation 

3 
Imgthof 7 
plight Path 
Through 
Cloud iD 
ThODlWDd6 Of 
Ibat 

Sp6olf lo 
Aotivity 

17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 
17.3 

iiF 
10: 
0.10 
0.10 
0.10 
0.05 
0.05 
0.05 

Time Spent Cama 
la ClOud 
(MblUtO6) 

DOsag 
Aouwmalatad 
in Cloud iD 
R0entgm6 

93 I Dmla tb - 

1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 
1.72 

33: 
3. 

7 
MaximrnTinr 
Spent In 
Maorgmnised 
Cloud 

I 

M6xbumo6ma 
h6age that I 
Qv ?m 
Aocumulated 
WI110 in 
Cloud 

D- 



CO!ETRUCTION OF FALLUJT PLCYIS 

A. Method of Plottlw Fallout 

The fallout plot or radex plot in its simplest form consists 
of plotting vinds from the surface up to the height reached b the 
atomic cloud. The method of plotting is merely the vector addition 
of Ms. The timis are weighted to account for the amount of time 
they spend through each layer of the l tmospher . It is assumed that 
the soil particles have a density of 2.5 gm/c 3 and that rate of 
fall follows Stokes' Law: 

-EiJuation 11 

where 

V z rate of fall 

r = radius of spherical particles 

9= coefficient of viscosity of air 

acceleration of gravity 

;2', density of particles 
e1 = density of air 

Although viscosity of air varies with temperature, for sake of simpli- 
city, viscosity is usually assumed to be constant. Actually, a.u 
accurate use of viscosity in the Stokes' @u&ion Is not justified, 
because the fallout particles are not all spherical, nor are they all 
of equal density. Errors introduced by these assumptions far out- 
weigh a mOre rigid an&lysis of the change of viscosity of air with tem- 
perature. Also, the variation of winds aloft with time and space make 
it difficult if not impossible to determine with great enough accuracy 
the fallout area to justify the use of a more accurate rate of fall 
formula. Reference 16 uses different rates of fall formulas for 
different size particles. Although this may be justifieu for pnr- 
ticlea significantly larger than 100 microns and also for pmticles 
less than 10 microns, an inspection of Table xVIA gbove%at more than 
50% of the total activity of a surface burst bomb is scavenged out by 

C&3676 39 
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particles whose diameters are frcm 20 to 100 microns. In vleu of 
this, we neglect corrections to the simple Stokes' Law. The Air 
Ueather Setice Manual on Fallout ti Radex plots (19) and Colonel 
George Taylor's method of Ebsdex Plotting during Operstion GFEEZIHODSE 
(20) describe the method quite adequately. ?or the folloving viods 
aloft Information the ebple radex plot ir @VSD ID F'igum s. 

Altitude in 
Thousands of feet 
Above Wean &I 

Lsvel 

23 
150 
160 
180 
230 
270 

zz 
330 
70 
80 

A spherical particle of 70 micron diameter and a density of 3 ~E/CB? 
will fell approximtely et the rate of 6,COO ft/hr or et a rate of 
1 knot. Hence, the trajectory plotted in Figure 1A shows the locus 
at see level of 70 micron particles falling fron different heights. 
In Pigure lA, the heights from vhich the particles have arrived is 
listed in thousends of feet. For example, the arrow line between 
points B and C of the figure represent fallout of 70 micron particles 
arriving from an altitude of 37,500 to 42,500 ft. above sea level. 
Since Stokes' Law iodicates that the fell velocity of particles is 
proportional to the square of the particle radius, it is at once 
evident thet 100 micron particles would fall at approximately double 
the speed of 70 micron particles and similarly l40 micron particles 
would fall four times as fast as 70 micron particles while M micron 
particles fall at approximately one half the speed of 70 micron 
particles. This means that from a given height, the smaller particles 
would fell further euay from ground zero than the larger particlea, 
For example, in Figure IA, it is assumed that ground zero is at 0 
and a 70 micron particle originating at 42,5OC ft. vi11 arrive at 
point C, hence 100 micron particles would fell at point D and I40 
micron particles at E. By utilizing this method, it is possible to 
determine quite simply the complete 
particle as indicated in Figure n. 
(EqUtiOD 11) it would he simple to 
example, the fallout time at points 
7, 3.5 a& 1.75 hours respectively. 

fallout plot of any I! *ad 
Bp the use of Stokes Lav 
find the times of fallouti. For 
C, D and E would be approximately 
For greeter details consult 
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subsequent sections of the appendix or references 19 and 20. 

B. Q&&J& St- Fallout from First Shot of CASTLE Test Omtioq 

1. &J&.&p llind Diswution 

In order to construct correct fallout plots, l deqpiati winds 
aloft information is required before, during and after ahot time. 
Unfortmate~, daring the firat shot of CW~LE Teat Operation (this 
mat called BRAVO shot) there were no rinds available from the shot 
island. The Navy (SS Curtias) made some winds aloft aeasure~renta 
at a point south of ground aero. However, at Eniretok, Kwajalein 
and Ro 0ri.k (See ?igure 1, Reference Hap, for locations of these 
islands routine winds aloft inforvmtion were trken. 7 

2. &L&&J of Win&&loft with Time and Soace sod its Effects 
on Radax Pl&nv 

A study of such wind data indicates that although there was 
a time variation of the winds aloft soon after aero time, there was 
no significsnt space variation of the winds at a given latitude. . 
This means that the Eniwetok, Curtias and Rongerik rinds all varied 
to approximately the same degree with time. In view of this, it was 
thought worthwhile to use average values of Eniretok, Rongerik and 
Curtisa winds for H-hour and Rniwetok and Rongerik wind averages for 
times after H-hour. Because the correct winds aloft is the key to 
the proper analysis of CASTLE - BRAVO shot, this wind data is given 
in Tables VIII, IX, X and XI where the average H-hour, H + 2:15 hours; 
H + 8:15 and H + 4:15 hour winds are listed. 
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m3our win&l,, UBlDg ths Averrge V6lwr of 
mlwetok. Rggerik d Curtlrr Wndr 

I 
l4lnd Mreotlcn 
xn Defm3e0 

65 

ai 

z 
90 
90 
280 
300 
320 
310 
290 
290 

z 
280 
250 
250 

2: 
250 
250 
260 

;32: 
80 
8@ 
30 
'10 
70 
-- 

;i 

Zb5 
16 
.A2 
4 

: 
8 
10 
9 
12 
u 
18 
20 

:: 

g 
40 
30 

E 
3 

:: 
30 
47 
37 
- 
__ 
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TAPE? XT 

H + U:lS Haur winds Usinp: the Average 
Values of Iblvetok and RongerLk Ybds 

Altitude 

Surface 
1 
2 

: 

ii 

s 
9 
10 

z 
18 
20 

z 

:; 
25 

:; 
60 
65 
70 
75 

z 
90 

1: 

speed 

l3 
13 

I 

13 
12 
10 
10 
6 
Calm 

: 
10 
19 
8 
10 
12 
23 
25 
30 
30 
LO 
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This vird information is also plotted In F'igure 2 using simple radex 
plots or shop10 fallout plots of the winds for 50 micron diameter 
particles. An inspection of Figure 2 shows that the H-hour avenge 
vi& plot goes epproximetely 20 miles NW ard 19 of Rongelnp and 
approximately lo miles North of Rmgerik. The H 4 2:15 hour wind, 
however, shifts 35 to 40 miles south in the area of AIllaginae - 
Rongelep - Rongerik. The first temptation Is to assume that if we 
use the H 4 2:15 haur average winds in place of the H-Hour vi.nds, 
Ve get a correct fallout picture, but this is not true since such a 
fallout plot does not properly aocmnt for the actual oontaminetion 
that is shown io l?Qures 5 ud 6. A detailed examination of F'lgxes 
2, 5, and 6 shows that the H + 2:15 hour fallout plot does mot 
correctly take into account, the distribution of coataminetlon on 
Bikini, since according to Figure 2, the Islands in the routh sector 
of Bikini Atoll should all have about equal contamination, but 
Pigure 6 ahows that this is Dot true. Similarly, the contamination 
petterm at Aillnginee, Rongelep, Rongerik and Bikar cannot be 
justified by the wind pattern of H + 2:15 hours. F'igures 5 and 6 
vere taken from Reference 12. It should be Doted that the H + 8:15 
and H 4 l4:15 hour average wind plots (See Pigure 2) return to the 
Darth of the Islands, end appear to parallel the H-hour vind plot 
more closely than the H + 2:lS hour plots. F'igure 2 shows that 
the vimds aloft simple mdex plot ascilletes consiaerebly in eight 
hours. In view of such e rapidly changing meteorological situation 
it is Dot possible to prepare an adequate fallout plot utilizing 
one set of average winds for ground zero end assuming that this 
applies throughout the downwind area during the active fallout period. 
As indicated in Figure 2, there is a significant change In the vids 
aloft picture within two hours after rhot time. Because of this it 
Is mandetoe to utilize a Wme Composite Radex Plot", which takes 
into account the change in vlnd direction end speed In the down- 
vind direction. The composite analysis starts at the desimd 
altitude end vorks the trajectory of a given particle to the ground. 
This merely identifies the given particle size reaching the surface 
from e given altitude. Vhen such points are repeated for many 
particle sizes and from all elevations of the atomic cloud, we 
obtain the composite Radex Plots shown in Figure 3. Needless to say, 
such a procedure is time consuming end demands accurate and complete 
winds aloft lnfomaticm throughout the fallout area. Such info-- 
tion is hot available before the fact for opemtional planning. 
Certaialy, ve can't expect forecast viDds to be 60 accurate 
f + _s” and + 2 Knots) withia all altitudes. Hence, it ie our 
OP~D~O'D tbaT although it may be vorthvhile to use Composite Radex 
Plots for post analysis of a contaminating event, there is m 
operational Deed to perform such detailed analysis before the fact. 
Uhat is required operationally is ao indication of the correct 
quadrant of fallout, cod a guess as to vhich half of the quadrant 
may receive the highest contamination. Figure 3 shows the composite 
fallout plot for 50, 70, 100 and I.40 micron particles. It should be 
noted that tMs composite plot more nearly agrees with thm&kCHIVEc 
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contamination pattern ahown In plgures 5 aad 6. For sake of 
simplicity, the 50 micron composite fallout of I3.gure 3 is plotted 
separately in Figure 4. A ccmperlson of Mgure 4 with Figure 6 
ahova considerable ageement between the plotted and actual coatam- 
ination as far as it Is possible to do so with a one particle size 
aDalyaia. In subsequent paragraphs, after we have taken into 
account the chaqe of particle size with height uithin the atomic 
cloud, it will be shown that the Canposite Radex Plot also accounts 
for the conteminatioD pattern in the islands of Bikini Atoll. 

3. Assumed Activity and Particle Siee Mstribution mthia 
the Atomic Cloud at Time of Stebiliaation 

A study of the downwind fallout fran the tower shots at 
the Nevada Roving Grounds (T/S and U/E Test Operations) shows that 
as the weapon yield is Increased from 12KT to 5OKT, the mass median 
particle diameter of the active soil particles within the cloud 
aerosol appears to pecrease from 90 microns to approximately ‘70 
microns. This means that as the yield is increased (or the 
scaled height is decreased) the gross particle size of the cloud 
aerosol appears to decrease. However, it should be noted that the 
experimental evidence in this regard is very meager, hence we 
can’t say with any degree of certainty that as the yield increases 
the atomic particle size decreases. An inspection of the actual 
contamination patterns vhen compared with winds aloft redex plots 
shows that the soil particles in the lower half of the atomic 
cloud stem appear to be significantly larger than the particles 
in the upper half of the stem, and the particles within the muah- 
room of the cloud are much smaller than the stem particles. In 
this analysis, we are referring to soil particles mixed Into the 
fireball and sucked up into the cloud. These particles are assumed 
to be coated with fission products more or less uniformly. An 
analysis of Jangle-Surface fallout (See aupnlement to Reference 1) 
shows that the average particle size distr!butioJ within the 
bottom half of the cloud stem was approximately l40 microns. 
Because of the Inverse “filtering” action of the air, it is assumed 
that the particle size within the cloud decreases with height. It 
is anticipated that if a certain amount of soil is tossed Into the 
air, there would be a greater number of small particles at higher 
elevations as compared to the particle size In lower levela. In 
this study, It will be assumed that the particle size distribution 
within a 15 MT atomic cloud at time of stabilization is as indicated 
In Table XII. 

A 6 
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ltitude Abwe Mean Average par- 
ea Level in Thou- ticle Diameter 
mds of Feet iD h!b-ODS 

h (d -) 

0 

5 
10 
15 
20 
25 

3": 
40 
45 

g 

z 

8; 
80 

: 
95 
100 
110 
I20 

l40 
130 
120 
110 
100 
90 
80 

; 

: 
50 

2; 
40 
30 
20 

g 
10 
10 
10 
10 

lkmtter DkdXibUtiOD of f 

iD Bach Iayer of a 15HT 
Atank Cloud at Time of 
Stabillsation (4 miDut.es) 

4oE 
dl 

z 
110 
100 
90 
80 
70 
60 

z 
LO 
40 

;s 
30 

: 
7.5 
5 

; 
5 
5 

z 
130 
I20 
LlO 
100 
90 
80 

:; 

: 

zz 

g 
35 
25 
20 
10 
10 
10 
10 

ir 
dmsx 

170 
160 
150 
I40 
130 
120 

kz 
90 

z 
80 
75 
75 

g 

z 

:; 
15 

;: 

The percentage activity in each layer of a 15 Kl' atomic cloud at time ’ 
of stabilization (4 minutes after bomb detonation) may be expressed by 
the following relation: 

PA z'k d= t-lo2 - - - - - - - - - - - - - _ -&mtioD 12 

where 
PA = Residual radioacti&ty on a particle (Percentage) 

d = diameter of particle 
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FoIlout at lincoln mSne,Nevudo 
from shot 5 of tumblerhopper 
test operation In 1952. 

6AMUA DDSA6E RATE 
IN YR/HR 

moo 

900 

800 

TOO 

600 

bDD 

400 

300 

200 

100 

0 

--1 -1 

2 3 4 3 6 7 6 6 10 It I2 13 14 13 
TIME IN HOURS AFTER BOMB DETONATION 

. 

Shaded portion shows fallout 
in excess of the t-“’ RELATION 
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Fallout from first shot of 
CASTLE TEST OPERATION 
superlmpoeed upon North-Eostem 
United States. Iwdose lines we in 
roentgens occumuloted during 48 hour5 
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